Poult enteritis complex has been incriminated as a major cause of loss among turkey poults in other countries. We have observed this in Brazil, associated with diarrhoea, loss of weight gain and, commonly, high mortality. In this study, we have used the reverse transcriptase polymerase chain reaction (RT-PCR) to detect turkey coronavirus (TCoV) in sick poults 30 to 120 days of age from a particular producer region in Brazil. The RT-PCR was applied to extracts of intestine tissue suspensions, and the respective intestinal contents, bursa of Fabrícius, faecal droppings and cloacal swabs. Primers were used to amplify the conserved 3? untranslated region of the genome, and the nucleocapsid protein gene of TCoV. Histopathological and direct immunohistochemical examinations were performed to detect TCoV antigen in infected intestine and bursa slides. All the results from stained tissues revealed lesions as described previously for TCoV infection. The direct immunohistochemical positive signal was present in all intestine slides. However, all bursa of Fabrícius tissues analysed were negative. RT-PCR findings were positive for TCoV in all faecal droppings samples, and in 27% of cloacal swabs. Finally, the best field material for TCoV diagnosis was faecal droppings and/or intestine suspensions.
Introduction
The Brazilian turkey industry ranks second in production in the world, with 187 million carcasses produced between 2005 and 2006, corresponding to 29% of the international market. The farms are localized in the south and partially in the centre of the country, on a high production scale. Despite a conventional vaccination schedule, poult enteritis complex (PEC) has affected turkeys from 6 weeks of age or more, resulting in a substantial economic loss.
According to Cavanagh (2005) the primary disease presentation of PEC is diarrhoea, restlessness, and a general poor condition of the poult. In cases in which morbidity and mortality are high in poults of up to 30 days, the disease maybe classified as poult enteritis and mortality syndrome. Although the aetiologic agent (or agents) that cause PEC has not been definitively identified, several viruses have been associated with PEC-like disease, including turkey coronavirus (TCoV) (Brown et al ., 1997; Breslin et al ., 2001; Guy, 2003; Ismail et al ., 2003) . More recently, poult enteritis and mortality syndrome has been described affecting poults in Great Britain, resulting in a first report of this disease there (Culver et al ., 2006) . Coronaviruses had often been described as being fastidious. This claim arose from the difficulty that virologists had experienced in finding types of cells in which to grow coronaviruses in vitro (Gough et al ., 1988 (Gough et al ., , 2006 Brown et al ., 1997; Cavanagh, 2005) . TCoV cannot be grown in cell culture, so its diagnosis is based upon the indirect immunofluorescence technique, commercial infectious bronchitis virus (IBV) enzyme-linked immunosorbent assay and molecular approaches from clinical and isolated field samples (Breslin et al ., 2000) . No study has been conducted to compare tissues and samples for the detection of TCoV by reverse transcriptase polymerase chain reaction (RT-PCR).
The aim of this study was to detect TCoV from poults affected by PEC, by analysing cloacal swabs, faeces and tissue suspension by RT-PCRs, comparing the results with histopathological and direct imunohistochemical findings.
Materials and Methods
Origin of clinical samples. In January 2006, clinical samples (intestine, bursa of Fabricius, pool of faeces, individual faeces, cloacal swabs) from affected poults, ranging from 30 to 60 days of age, were received for virological investigation. The poults were from a multi-age farm with more than 20 000 birds on site, divided into five houses. The samples were taken from individual houses containing approximately 4000 birds, of which 4% showed stunting, depression, acute enteritis and mortality of three birds per day. The samples were collected 2 weeks after the start of the signs, and were sent to the laboratory on ice.
Preparation of clinical samples for pathology. Slices of the ileo-caecal junction (intestinal contents (IC), n0/10) and bursa of Fabricius (BF, n0/10) from affected poults were collected at necropsy and fixed in 10% neutral buffered formaldehyde, and, after embedding in paraffin blocks, sectioned at 2 mm. Slides for histopathology were stained with haematoxylin and eosin using routine methods, and were finally examined by light microscope. Slides for immunohistochemistry were stored non-stained in paraffin blocks until use (Gough et al ., 1988; Brown et al ., 1997) .
Preparation of biotin labelled antibody. The IgY against IBV was produced by vaccination of 10 inbred C/O line White Leghorns chickens at 1 day of age by the intra-ocular route with purified M41 strain, as described by Cardoso et al. (1999) with some modifications. After 2 weeks the chickens received a second inoculation, this time of commercial vaccine, 1 ml per bird (H120) by the intra-muscular route, and 21 days later they were bled from the wing vein. The g-globulin fraction was prepared by a salting-out procedure by addition of 35% (v/v) ammonium sulphate (A-2939; Sigma) followed by IgY fraction purification using chromatographic separation on the Sephadex-G200 (Pharmacia). The purified IgY was conjugated to biotin (Biotin disulfide N -hydroxysuccinide ester, catalogue number B-4531; Sigma) according to Harlow & Lane (1988) and was used as primary antibody.
Direct immunohistochemical analyses. Unstained sections (4 mm) were used for direct immunohistochemical examination after deparaffinization, rehydratation and washes in buffered saline added by 0.1% Tween 80. The first step was to microwave the sections in citrate buffer (pH 6.1) for 15 min at 700 W to activate the viral antigen, normally damaged by formaldehyde fixation. Just before staining, slides were treated three times with hydrogen peroxide 50% (30 V) for 30 min to inactivate endogenous peroxidase, commonly found in inflammatory reactions. The slides were then washed for 5 x 10 min in buffered saline to remove the residues between each step of the reaction, and the non-specific binding was blocked using dried 15% non-fat milk for 90 min. Viral antigen was demonstrated by the avidin Ábiotin complex immunoperoxidase method as described by Psalla et al. (2006) and Hussain & Nagaraja (1993) with some modifications. The optimum primary antibody dilution determined by previous titration on indirect enzyme-linked immunosorbent assay was 1:200 in phosphate-buffered saline plus 10% non-fat dried milk. Slides were covered by 200 ml diluted antibody overnight at 48C in a humidified chamber. After five washes, 100 ml/slide of streptavidin Áperoxidase complex (Sigma product number S-5512) was added and incubated for 1 h at 378C. In addition, substrate made fresh in the dark, by mixing equal volumes of 0.02% hydrogen peroxide and 0.6 mg 3,3?-diaminobenzidine tetrahydrochloride (catalogue number 15972-011; Gibco BRL † ), was added to the slides for 30 min at room temperature. The reaction was stopped by washing with tap water and the specific brown colour was revealed after counterstaining with Meyer's haematoxylin. An intense dark red deposit was considered positive. Negative controls consisted of sections treated with buffered saline instead of biotin-labelled antibody.
Preparation of clinical samples for RT-PCR. Intestinal suspensions (IS)
were prepared by cutting slices from the ileo-caecal junction, divided into 100 samples; the respective IC, a total of 100 samples; and tissue suspensions of all individual BF. In addition, faecal droppings (FD) consisted of 1200 g faeces divided into 100 samples, and, finally, individual cloacal swabs (CS), a total of 100, were also prepared. The FD, BF, IS and IC specimens were homogenized in 2 volumes of minimal essential medium (pH 7,4) and clarified by centrifugation at 3000 )/g for 20 min. The supernatant was first filtered once through a 0.75 mm paper filter (Millipore) and then twice through a 0.25 mm syringe filter (Corning). These suspensions were heated at 1008C for 30 min in a water bath before total RNA extraction was performed. The individual CS were hydrated by addition of 200 ml minimal essential medium plus 20 mg/ml proteinase K (GIBCO-BRL) and heated at 568C for 30 min. After heating, the swabs were removed, and total RNA was extracted. The infectious bronchitis virus strain M41 and Newcastle disease virus strain La Sota were used as positive and negative control of all reactions, respectively.
RNA extraction. Total RNA was extracted by Trizol † standard protocol, based on guanidinium isothiocyanate and acid Áphenol with some modifications (Sellers et al ., 2004) . Two hundred microlitres of clinical suspension were mixed with 500 ml Trizol † reagent and incubated for 10 min at room temperature. After addition of 200 ml chloroform, it was mixed vigorously for 10 s and centrifuged at 13 000 )/g for 10 min. The upper aqueous phase was mixed with an equal volume of cold isopropanol and incubated on ice for 10 min. The total RNA precipitate was pelleted by centrifugation at 13 000 )/g for 10 min and washed with ethanol. The RNA was dissolved in 30 ml of diethylpyrocarbonatetreated sterile, double-distilled water and stored at (/208C.
Primers. We used primer combination UTR11 Á/UTR41'/, corresponding to the conserved region of the IBV 3?-untranslated region (UTR), which produces a very sensitive RT-PCR (Adhzar et al ., 1996; F. Culver & D. Cavanagh, personal communication) . Although the TCoV genome has not been completely sequenced, there is sequence information reported for the nucleocapsid (N) gene used by Sellers et al. (2004) , Spackman et al. (2005) and Loa et al. (2006) for multiplex RT-PCR. We used the TCoV nucleo forward and reverse primers described by Sellers et al. (2004) . Before the RT-PCR was performed, RNA was heated for 3 min at 1008C, followed by 2 min at 728C and, finally, 2 min at 508C.
Protocol two-step RT-PCR. Samples were analysed with a two-step RT-PCR. cDNA synthesis was performed using the Superscript II Rnase H Á Reverse transcriptase (Invitrogen) according to the manufacturer's protocol, except that the temperature used for the transcription was 508C. A sample of 10 pmol each reverse primer (TCoV nucleo reverse and UTR11 Á) was used and the reaction was performed in a thermocycler (MJ Research) at 508C for 30 min, followed by an inactivation step at 708C for 15 min. DNA (2 ml) was added to a 25 ml PCR reaction and amplified using TAQ DNA polymerase (Invitrogen) 5 u/ml. The primers used were UTR11 Á and UTR41'/ (to give a product of 251 base pairs (bp)) and TCoV nucleo forward and reverse (to give a product of 598 bp). Amplification involved an initial denaturation step at 948C for 5 min followed by 40 cycles at 94 C for 15 sec, 558C for 30 sec, and 688C for 1 min.
Protocol one-step RT-PCR. Optimization of a one-step RT-PCR requires compromises in the concentration of PCR reagents, principally the primers used. The RT-PCR was performed following the instructions of the One-step Superscript III † RT-PCR commercial kit. Briefly, 2 ml first strand product was used as a template for amplification in a 50 ml reaction containing 20 pmol primers and 1.6 mM MgCl 2 . All PCR conditions were the same as described above. However, the amount of mixture RT-TAQ DNA polymerase platinum enzymes was calculated taso 2.5 u/50 ml reaction. A total of 10 ml PCR products were electrophoresed at 100 V for 1 h in 1.5% agarose gel in 1 )/ Tris-borate EDTA buffer and were visualized by ethidium bromide staining and ultraviolet transluminator. Gel images were captured using Kodak DC290 digital camera and ADOBE 6.0 software. The specificity of both RT-PCRs was tested by addition of other common avian RNA virus (Newcastle disease virus La Sota strain). The sensitivity was calculated by diluting the TCoV and IBV M41 RNA in 10-fold steps up to a dilution of 10 6 .
Statistical analyses. Statistical comparisons of positive results among all the methods were performed with a two-sample t test and the P value was determined. The sensitivity and specificity were both calculated by standard formulas.
Results
Clinical signs. The poults were described as depressed, anorexic and having watery diarrhoea, with poor performance, mortality of 5%, and the appearance of acute enteritis.
Pathology. Microscopic examination of the intestine (ileo-caecal junction) revealed marked degeneration and destruction of the villous epithelium and hyperactivation of the intestinal glands (Figure 1c ). The basal lamina was infiltrated with mononuclear cells. Submucosa oedema was also observed (Figure 1d ). The intestinal lumen was filled with desquamated epithelial cells in addition to mucous exudates. The BF lymphoid follicles suffered mild to moderate lymphocytic destruction and depletion, especially in the medulla. Many lymphoblast cells associated with follicular atrophy were observed (Figure 1a,b) . TCoV antigen was detected in all intestinal sections, being present within enterocytes ( Figure 2) . In contrast, viral antigen was not found in the BF tissue of any specimens analysed in this work or in any negative controls (data not shown).
RT-PCR. The RT-PCRs applied here yielded a distinct band of 251 bp for the 3? UTR and 598 bp for the TCoV nucleocapsid protein gene region (Figure 3a,b) . Regarding the FD samples, all of them were positive, as well as the IS samples, for the both regions of the genome studied. However, none of the BF samples were positive.
Using the 3? UTR primers in the one-step protocol, 27% of the CS samples were positive. All of these samples were also positive using the primers for the N gene region, producing a product of 598 bp, confirming the coronavirus infection. Heating of the RNA was successful in decreasing non-specific bands, especially in faecal samples. The protocol one-step RT-PCR was the most sensitive for the assay, capable of detecting the RNA even after 10 6 -fold dilution. In our analysis, negative results were always negative for both primers used and no amplification products were observed with Newcastle disease virus either for diethylpyrocarbonate water.
Discussion
Due to the complexity and the multifaceted nature of enteric diseases, PEC requires a multidisciplinary approach that can probably only be achieved by combining scientific expertise and resources from different countries. A coronavirus described 30 years ago to be involved with enteritis of turkeys in the USA, where it has been most thoroughly studied, was detected here, causing the same clinical signs and economic losses for poults in Brazil. Moreover, TCoV has been confirmed in Great Britain (Cavanagh et al ., 2001) , including associated with losses that correspond to poult enteritis and mortality syndrome (Culver et al., 2006) . In spite of high turkey production in Brazil there has been no published report of TCoV detection, or other complicating pathogens, involved in PEC cases, unlike in the USA and Great Britain (Ismail et al ., 2001a , bIsmail et al ., 2003 Cavanagh et al ., 2001; Cavanagh, 2005) .
RT-PCR protocols have been commonly and successfully applied in the USA and the UK (Breslin et al ., 1999a (Breslin et al ., ,b, 2000 . We have used RT-PCRs, histopathological and immunohistochemical examination, and have compared them for detection of TCoV.
The birds studied here showed depression, loss of weight, cessation of eating, with wet droppings*signs compatible with those describe in the literature (Cavanagh, 2005) . Histopathological examination revealed lesions typically described by other investigators as being associated with TCoV infection (Brown et al ., 1997; Breslin et al ., 2000; Ismail et al ., 2003) .
In addition, the direct immunohistochemical analysis showed virus antigen in all tissues analysed, except not in the BF samples, using only one primary antibody, which represents an advantage over other conventional protocols. Normally, immunohistochemical reaction protocols involve using two antibodies, the primary antibody and the second, which is a conjugated antibody directed against immunoglobulin of the target animal species. Research in the mid-1990s showed that coronavirus from turkeys were genetically (Breslin et al., 1999a,b) and antigenically (Guy et al ., 1997; Breslin et al., 2000; Guy, 2003) closely related to IBV, as confirmed elsewhere (Cavanagh et al ., 2001) . It is true that using polyclonal antibodies increases sensitivity and is less laborious compared with monoclonal antibody protocols (Cardoso et al ., 1999) . Based on these findings, results from direct immunohistochemical examination using the chicken IgY biotin-labelled primary antibody revealed good results on field samples in a one-step reaction.
Nevertheless, most TCoV antigen detection from infected tissues is based on indirect immunofluorescence methodology, which needs frozen tissue sections to be performed and a special microscope to evaluate them. Formalin-fixed tissues present three great advantages over frozen tissue: first, when in situ assays are necessary; second, keeping the tissue conservation for further study; and third, long-term storage of paraffin blocks.
The positive RT-PCR reaction of RNA extracted from FD, BF, IS, IC and CS samples using primers to the 3? UTR region provided molecular evidence that coronavirus was present, confirmed using primers specific for the nucleocapsid gene (Sellers et al., 2004) . Although it would be desirable, for logistical reasons in the field, to be able to detect TCoV by CS samples, in our study they were less suitable (i.e. gave fewer positive results) than FD, IS and IC samples. One possible explanation for this was the high humidity and temperatures commonly found in the outbreak region. Theses conditions could have increased the chance of microbes (bacteria and moulds) growing on the CS, which might have damaged the nucleic acid of the TCoV, thus reducing the sensitivity of detection.
Considering Brazilian turkey industry needs, further investigations are necessary *firstly, to characterize the TCoV by virus isolation; secondly, by gene sequence comparison with other TCoVs; and finally, by investigation of the other pathogens (e.g. bacteria) that have been described as being involved in PEC associated with TCoV. Detecció n de coronavirus del pavo en pavipollos comerciales en Brasil El síndrome de enteritis del pavipollo (PEC) ha sido identificado como una de las principales causas de pérdidas econó micas en pavipollos en otros países. Nosotros hemos observado este síndrome en Brasil, asociado a diarrea, pérdida de peso y, normalmente, alta mortalidad. En este estudio se ha llevado a cabo la *To whom correspondence should be addressed. Fax. '/55 18 622 6487. E-mail: tcardoso@fmva.unesp.br Received 16 August 2006 transcriptasa reversa y reacció n en cadena de la polimerasa (RT-PCR) para la detecció n del coronavirus del pavo (TCoV) en pavipollos enfermos de entre 30 y 120 días de vida, procedentes de una regió n concreta de Brasil. La RT-PCR se realizó a partir de extracciones de homogeneizados de tejido intestinal (IS) y los respectivos contenidos intestinales (IC), bolsa de Fabricio (BF), heces (FD) e hisopos cloacales (CS). Para la amplificació n de la regió n no codificante 3' (3'UTR) del genoma y del gen de la nucleocápside del TCoV se utilizaron cebadores. Se llevaron a cabo estudios histopatológicos y la técnica de immunocitoquímica directa para la detecció n del antígeno de TCoV en preparaciones de intestinos infectados y de bolsas de Fabricio. Todos los resultados de las tinciones mostraron lesiones previamente descritas en la infecció n por TCoV. Se observaron tinciones positivas en immunocitoquímica directa de todas las muestras intestinales. Sin embargo, todas las BF analizadas fueron negativas. Todas las muestras de FD y un 27% de las de CS fueron positivas mediante RT-PCR. Finalmente, se determinó que la mejor muestra para el diagnó stico de TCoV son las heces y/o los homogeneizados intestinales.
